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The relative electrophoretic. mobilities of the isozymes
from egg and adult frog tissues indicated that five-membered hybrid sets of the A-C types are present in the unfertilized egg. 4. These studies show that A and C type aldolases, together with their hybrids, are present in the unfertilized frog egg. can be formed in vitro by the combination of the respective parental subunits3. These and other data support the conclusion [4] [5] [6] that the aldolase molecule has a tetrameric structure Several studies have been carried out on aldolase isozymes during organogenesis. A transition from aldolase A to B and from 3
845
A to C has been observed in developing rat liver and brain, res-.-4f The strips were stained for aldolase activity as described -7 - previously1l. Disc gel electrophoresis was carried out at PH 8.9
. 19.20 by the method of Ornstein and Davis ' .
Preparation of antisera to frog muscle aldolase
The procedure used for the isolation of aldolase from frog muscle (Rana catesbeiana) was based on the one described by Taylor, 21 Green and Cori for the crystallization of the rabbit muscle * enzyme and will be described elsewhere . The enzyme, which was . recrystallized three times, gave a single protein band when subjected to polyacrylamide disc gel electrophoresis at different pro- The DEAE-Sephadex A-50 ion exchanger used in column chromatography was equilibrated with the appropriate buffer before use.
Columns were poured in the cold and then washed with several bed volumes of buffer.
RESULTS

Zone electrophoresis of tissue extracts
The isozyme .patterns of aldolase activity obtained when extracts of ovulated.eggs add of egg + ovary preparations were subjected to electrophoresis and enzymatic staining are shown in Fig. 1 .
Both preparations show five bands of aldolase activity. The same electrophoretic pattern was observed when a single frog egg was -9-removed from the ovary manually and the extract subjected to zone electrophoresis. On the basis of electrophoretic mobility, these isozymes have been numbered I through V, consecutively, I being localized at the most cathodic site and V at the most anodic site (see Fig. 1 ).
The electrophoretic patterns of aldolase isozymes in extracts of adult frog tissues were compared to those from egg preparations.
Muscle and spleen extracts show only one band of aldolase activity which corresponds in electrophoretic mobility to that of isozyme I of egg. Liver has two bands of activity, one of which corresponds with that of muscle and a second, more anodic, band which is specific for liver. Five isozymes are present in extracts of heart, testes and brain and the electrophoretic patterns are similar to .those observed with the egg preparations (see Fig. 1 ). The major activity band of brain coincides with that of isozyme V of egg.
Separation of aldolase isozymes in extracts of egg + ovary by chromatography on DEAE-Sephadex A-50
Although the results given above are consistent with the fact that the isozymes of aldolase found in the unfertilized egg are of the A-C types,.more definitive studies were required to establish this fact. This necessitated the separation of the isozymes so that their individual properties could be investigated.
Preliminary experiments established that a better separation of the isozymes could be achieved by chromatography of extracts 1 -10-i from egg + ovary than with those from ovulated eggs. Hence, since the electrophoretic patterns of the isozymes from the two sources were identical (see Fig. 1 ), egg + ovary from gravid females of R. .»3/ 27%, 43%, 21% and 1.5%, respectively. The fractions containing aldolase activity and corresponding to the major portion of each individual peak were pooled and concentrated to one-tenth of the pooled volume by ultrafiltration (Diaflo apparatus, Amicon Inc., Cambridge, Mass.). The resolution of the isozymes by this procedure was confirmed by zone electrophoresis on cellulose polyacetate strips (Fig. 3) . On the basis of electrophoretic mobilities, the isozymes from peaks I and V correspond to muscle IV from both sources.
-13-
Inhibition of activity of resolved isozymes by antibody to aldolase A
The effects of the antibody against muscle aldolase on the activity of the resolved isozymes from egg + ovary (Fig. 9 ) and from brain ( Fig. 10) were investigated. Anti-A4 almost completely inhibited the activity of isozyme I from both brain and egg + Ovary and had a decreasing effect on isozymes II through IV (II > III > IV).
No inhibition of isozyme V from either tissue was observed. The inhibition of aldolase activity in crude muscle extracts was the same as that observed for isozyme I.
Substrate specificity of resolved isozymes
The substrate specificity of the resolved isozymes from egg + ovary and from brain was investigated (Table I) III isolated from egg + ovary was subjected to such treatment . c
Zone electrophoresis before and after reversible dissociation demonstrated that all five members of the A-C set were produced from a single isozyme by this procedure (Fig. 11 ).
Electrophoretic studies on aldolase isozymes during oogenesis and 2 ). Zone electrophoresis and activity staining were carried out as described under Methods.
-22- Other conditions are those described in the legend to Fig. 1 .
Fractions with major aldolase activity of each individual peak were pooled and concentrated by ultrafiltration. .23- 
